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Available online 8 January 2012Lippia sidoides Cham. (Verbenaceae) is used in the folk medicine as topical antiseptic in skin
and mucous membranes and its therapeutic effect is attributed to the thymol presence. The
objective of this work was to verify the chemical composition and antibiotic modifying activity
of the essential oil extracted from the leaves of L. sidoides and its major component thymol. The
essential oil was obtained by hydrodistillation and analyzed by GC/MS. The synergistic activity
was evaluated using gaseous contact method. The essential oil was obtained (yield of 1.06%)
and the GC/MS analysis identified the main constituents: thymol (84.9%) and p-cymene
(5.33%). The antibiotic modifying activity was verified using the minimal inhibitory dose
method and gaseous contact. It verified the interference of essential oil and thymol against
all tested aminoglycosides. There were no statistical differences between the activity of the
essential oil and thymol against Pseudomonas aeruginosa, indicating this to be the responsible
composition for such activity. However, the oil was shown more effective when compared
to the thymol against Staphylococcus aureus. The essential oil of L. sidoides and its major
component thymol influence the activity of aminoglycosides and may be used as adjuvant in
antibiotic therapy against respiratory tract bacterial pathogens.







Staphylococcus aureus and Pseudomonas aeruginosa plow
the most common bacterium isolated from the sputum [1,2]
and that usually colonize or infect the upper respiratory
tract [3]. Several works tell that those bacterial species are re-
sistant to most of the antimicrobial used at the clinic treat-
ment [4,5].
With the growing incidence of infections resistant to anti-
biotics, an arsenal of either new agents of the supplementa-
tion of current antibiotics was needed. According toBiológica, Universidade
nio Luis 1161, Pimenta
31021291.
Coutinho).
ess under the Elsevier OA, licenseDaferera et al. [6], the use of essential oils as antimicrobial
agents offers a low risk of development of microbial resis-
tance, because of the presence of different compounds pre-
sent in the oil. This antimicrobial activity can be related to
different action mechanisms, avoiding the adaptation of the
microorganisms. So, essential oils assume important role in
the combat to the development of microbial resistance [7].
The bush Lippia sidoides Cham. (Verbenaceae), popularly
known, in Brazil, as “alecrim pimenta”, is native of the semiarid
areas of the Northeastern Brazilian region, and used in the tra-
ditional medicine as antiseptic [8]. The antimicrobial activity of
L. sidoides is well known: the activity of the essential oil was
evaluated against Candida albicans and Streptococcus mutans
[9,10]. Further, essential oil has shown anti-inflammatory,
antioxidant and gastroprotective effects, associated with low
toxicity [11,12]. The therapeutic effect of L. sidoides is attributed.
Table 1
Chemical components of Lippia sidoides fresh leaves essential oil.
Components Tr (min) IKa (%)
p-cymene 4.2 1020 5.33
1,8-cineol 4.4 1031 1.68
γ-terpinene 5.0 1060 1.32
Ethyl-methyl-carvacrol 9.7 1164 3.01
Thymol 11.8 1288 84.9
Carvacrol 12.9 1292 0.41
β-caryophyllene 15.1 1418 1.17
Total identified 97.82
a Relative retention indices experimental: n-alkanes were used as refer-
ence points in the calculation of relative retention indices.
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substance with improved antimicrobial activity [13]. However,
all reports of antimicrobial activity are related to the direct con-
tact between the essential oil or thymol and microorganisms.
In this paper, we report the antibacterial and antibiotic
modifying activity of the essential oil extracted from the
leaves of L. sidoides Cham. and thymol using gaseous contact.
2. Methods
2.1. Plant material
Leaves of L. sidoides Cham. were collected in August, 2010,
from the Small Aromatic and Medicinal Plants Garden of the
Laboratory of Natural Products Research (LPPN) at Regional
University of Cariri (URCA), county of Crato, Ceará State,
Brazil. A voucher specimen was deposited in the Herbarium
Caririense Dárdano de Andrade Lima with the voucher num-
ber 3038.
2.2. Drug
Thymol was obtained from Sigma Chemical Corp. (St.
Louis, MO, USA). The antibiotic disks were obtained from
LABORCLIN (Brazil).
2.3. Extraction of the essential oil
Samples of L. sidoides fresh leaves (140 g) were triturated
and submitted to hydrodistillation process, in a Clevenger-
type apparatus for 2 h. The collected essential oil was subse-
quently dried by anhydrous sodium sulfate (Na2SO4), and
stored under refrigeration at b10 °C until it is analyzed and
tested.
2.4. Analysis of the essential oil by GC–MS
Analysis by CG/MS of the essential oil was carried out on a
Hewlett-Packard Model 5971 GC/MS using a non-polar DB-1
fused silica capillary column (30 m×0.25 mm i.d., 0.25 m
film thickness); carrier gas helium, flow rate 0.8 mL/min
and with split mode. The injector temperature and detector
temperature were 250 °C and 200 °C, respectively. The col-
umn temperature was programmed from 35 °C to 180 °C at
4 °C/min and then 180 °C to 250 °C at 10 °C/min. Mass spec-
tra were recorded from 30–450 m/z. Individual components
were identified by matching their 70 eV mass spectra with
those of the spectrometer data base using the Wiley L-built
library and two other computer libraries MS searches using
retention indices as a pre-selection routine, as well as by visual
comparison of the fragmentation pattern with those reported
in the literature [14,15].
2.5. Antimicrobial activity using gaseous contact
Antibacterial activity of the essential oil from L. sidoides
(EOLS) and thymol was assayed using gaseous contact [16].
The tests were performed in triplicate using concentrations
of 50, 25, 12, 6 and 3% of EOLS or thymol dissolved in
DMSO. Staphylococcus aureus ATCC12624 and Pseudomonas
aeruginosa ATCC15442 were used as bacteria patterns. BrainHeart Infusion Broth (BHI) was used for bacterial growth
(24 h, 37 °C). 105 UFC/mL of the inoculum from overnight
culture of each bacterial species was inoculated in Mueller
Hinton Petri dishes (90 mm diameter) by streaking method.
Disks containing gentamicin (10 μg), amikacin (10 μg) and
neomycin (10 μg) were used to determine changes in diame-
ter of the zone of inhibition of studied strains.
Minimal inhibitory dose (MID) was defined as the dose
minimum of EOLS per unit space required to suppress the
growth of microorganism in a closed system. The MID values
were expressed as weight per unit volume (mg/L air), where
the solution with 50 μg equals 1 mg/L air [17]. After this,
50 μL of each dilution was added to the upper Petri dish and
incubated for 24 h at room temperature. Petri dishes without
the essential oil or thymol and with DMSO were used as
positive and negative controls, respectively.
2.6. Statistical analysis
The results were expressed as means±standard error of
mean (S.E.M.) and variance analysis (ANOVA) statistical sig-
nificance was determined by one way analysis of variance
(ANOVA) followed by Tukey's test, with the level of signifi-
cance set at pb0.05 using the program GraphPad Prism 5.0.
3. Results and discussion
The leaves of L. sidoides provided an oil yield of 1.06%. The
chemical composition of the essential oil obtained by hydrodis-
tillation is presented in Table 1. A total of 7 different compo-
nents were identified by GC–MS analysis. Retention indices of
all the components were determined by the Kovats method.
The constituents of the oils were identified by comparison of
their mass spectra with those of mass spectral libraries (NIST
and Wiley). The main components were thymol (84.9%),
ethyl-methyl-carvacrol (5.33%) and p-cymene (3.01%) totaliz-
ing 93.24%. In some studies, the concentration of thymol in
the essential oil of the leaves can vary among 34.2 the 95.1%
[11,18].
In Table 2, the antibacterial activity by gaseous contact is
shown. In this table, it was demonstrated that S. aureus is
more susceptible (MID of 0.0625 mg/L air). Nostro et al. and
Oliveira et al. [18,19] showed the antibacterial activity
against S. aureus of the L. sidoides essential oil EOLS and thy-
mol by direct contact method. Other studies show that the
antimicrobial activity of the essential oils has been attributed
to the small terpenoids and a composition of phenolic
Table 2
Antibacterial activity of the volatile compounds of essential oil of L. sidoides
and thymol by gaseous contact.
Bacteria MID (mg/L air)
1 0.5 0.25 0.125 0.0625 0.03125
S. aureus ATCC 12624 − − − − + +
P. aeruginosa ATCC 15442 + + + + + +
Note: +: growth observed; −: no growth observed; MID: minimal
inhibitory dose.
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murolene, components that also exhibit antifungal activity
[19,20]. This result is in accordance with previous reports in-
dicating that Gram-negative bacteria are more resistant to
essential oils than Gram-positive [21–23].
In Table 3, the antibiotic activity of aminoglycosides
against S. aureus was enhanced in the presence of the essen-
tial oil (EOLS) and thymol. The result was demonstrated with
EOLS, being observed with an increase of 429.41, 349, 256.82
and 21.53% in the antibiotic activity of gentamycin at concen-
trations of 50, 25, 12 and 6%, respectively. We also observed
an enhancement of the antibiotic activity when amikacinTable 3
Modification of the antibiotic activity of antibiotics by the volatile constituents of L. s
ATCC 12624.
Samples TER N. TRE DMSO 50%
EOLS AMI 26±0.0f 26±0.0f ≥90±0
Increase – – ≥246.1
GEN 17±0.0b 17±0.0b ≥90±0
Increase – – ≥429.4
NEO 18±0.0a 18±0.0a 76±0.0
Increase – – 322.22
Thymol AMI 26±0.0f 26±0.0f 66.33±
Increase – – 155.11
GEN 17±0.0b 17±0.0b 55±0.0
Increase – – 223.53
NEO 18±0.0a 18±0.0a 57.0±0
Increase – – 216.66
Averages followed by the same letters, in the column, don’t differ significantly amon
letters, in the line, differ significantly when compared among themselves and resp
means±standard error. Amikacin (AMI), gentamicin (GEN), neomycin (NEO); TRE
Table 4
Modification of the antibiotic activity of the volatile constituents of L. sidoides essen
Samples TRE N. TRE DMSO 50%
EOLS AMI 20±0.0d 20±0.0d 28.66±
Increase – – 43.30
GEN 15±0.0e 15±0.0e 19.66±
Increase – – 31.06
NEO 15±0.0e 15±0.0e 19.66±
Increase – – 31.06
Thymol AMI 20±0.0d 20±0.0d 26.66±
Increase – – 33.3
GEN 15±0.0e 15±0.0e 20±1.7
Increase – – 33.33
NEO 15±0.0e 15±0.0e 19.66±
Increase – – 31.06
Averages followed by the same letters, in the column, don’t differ significantly amon
letters, in the line, differ significantly when compared among themselves and resp
means±standard error. Amikacin (AMI), gentamycin (GEN), neomycin (NEO); TREand neomycin were combined with the volatile compounds
of the essential oil.
However, thymol was less effective against S. aureuswhen
compared with EOLS, despite the increase observed. Table 3
shows an enhancement of 155.11, 152.54 and 79.46% in the
antibiotic activity of amikacin at concentrations of 50, 25 and
12% when combined with the volatile thymol. The antibiotic
activity of neomycin was enhanced with the same method.
This results show that other compounds present in essential
oil are important for development of antimicrobial activity.
The strains were susceptible to all antibiotics tested in accor-
dance of standards set by NCCLS [24]. There were statistical
differences between capacity of EOLS or thymol in increasing
the activity of aminoglycosides tested.
Table 4 shows amodification of the antibiotic activity of the
volatile constituents of EOLS and thymol against P. aeruginosa.
In most of the results, there were not statistical differences
between EOLS and thymol for the increase of the activity of
the tested aminoglycosides. The antibiotic activity of all antibi-
otics was enhanced by EOLS and thymol.
The aim of synergy studies is to determine the scientific rea-
sons about the better activity of many herbal extract drugs and
essential oils when compared to single constituents [25]. EOLSidoides essential oil (EOLS) and thymol using gaseous contact against S. aureus
25% 12% 6%
.0a 77.66±1.15c 34±0.0d 27.33±1.15f
5 198.70 30.77 5.11
.0a 76.33±1.15c 60.66±1.15g 20.66±0.57h
1 349.0 256.82 21.53
d 73±0.0e 56.66±0.57b 25.66±0.57c
305.55 214.77 42.55
1.15b 65.66±0.57b 46.66±1.15e 27±0.0f
152.54 79.46 3.84
c 49.66±0.57a 45.66±1.15f 23±0.0d
192.12 168.59 35.29
.0f 56±0.0f 49.66±1.15c 24±0.0b
211.11 175.89 33.33
g themselves (n=3, pb0.05 — Tukey's test). Averages followed by different
ective controls (n=3, pb0.05 — Tukey's test). The results are expressed as
: treatment; N.TRE: no treatment.
tial oil (EOLS) and thymol by gaseous contact on P. aeruginosa ATCC 15442.
25% 12% 6%
1.15b 27.33±1.15ab 25±0.0ac 20±0.0d
36.65 25 –
1.56f 19.33±1.15f 18±0.0f 15±0.0e
28.86 20 –
1.56f 19±1.0f 15±1.0e 15±0.0e
26.66 – –
1.15a 26.33±0.57a 26.33±0.57a 26±0.0a
31.5 31.5 30
3f 19.33±1.15f 18.66±1.15f 18.66±1.15f
28.86 24.4 24.4
0.57f 18±0.0f 15.66±1.15e 15±0.0e
20 4.4 –
g themselves (n=3, pb0.05 — Tukey's test). Averages followed by different
ective controls (n=3, pb0.05 — Tukey's test). The results are expressed as
: treatment; N.TRE: no treatment.
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atedwith thymol, showing antimicrobial activity such as carva-
crol, p-cymene, β-caryophyllene and 1,8-cineol [26–29]. These
compoundsmay act synergistically increasing the antimicrobi-
al activity of essential oil against Gram-positive bacteria. How-
ever, thymol alone presented an antibacterial activity similar to
the EOLS against P. aeruginosa, with no statistical difference
when compared to EOLS.
The mechanisms of the essential oils can interact with the
antibiotics involving different interactions among the present
compositions in the oil and the bacterial membrane. Accord-
ing to Burt [30], the thymol and the carvacrol, present also in
the essential oil of Origanum vulgare, could cause distortions
in the physical structure of the cell due to their effect against
the plasmic membrane, modifying its permeability; denatur-
ing essential enzymes; modifying the proton motive forces
due changes in the pH and electric potential and enhancing
the intake of antibiotics [31]. Besides, they can alter the activ-
ity of the calcium channels and promote the extrusion of
some important ions [32].
Impairment of bacterial energy systems may also be a
mechanism of action due the direct or gaseous combination
of compounds and essential oils with the microorganisms
[33,34]. Gram-negative bacteria are surrounded by an addi-
tional membrane, which provide a hydrophilic surface and
functions as a permeability barrier for many external hydro-
phobic agents, this barrier is due to the presence of lipopolysac-
charide (LPS) [35,36]. Membrane permeabilizers, as thymol,
could interact and disorganize the anionic LPS thereby sensitiz-
ing the bacteria to antibiotics [31,37].
Some studies also reported the modulatory activity of anti-
biotics by gaseous contact. The essential oils of Zanthoxylum
articulatum, Vanillosmopsis arborea, Lippia microphylla and Cro-
ton zehntneri were capable to interact with aminoglycosides
and quinolone antibiotics, promoting the increase of their ac-
tivity against S. aureus and P. aeruginosa [16,38–42]. However,
our results are more expressive when compared with these
works. Furthermore, in our study, the major component of
essential oil was tested with the aim to identify the compound
or compounds responsible for the observed activities.
4. Conclusions
The results obtained in that study suggest that the volatile
components of the essential oil of L. sidoides and its major com-
ponent thymol may suppress the growth of bacterial patho-
gens of respiratory infections, as cystic fibrosis, and they can
be adjuvant in the patients' treatment. Other studies are neces-
sary to verify the bioavailability and the possible toxicity of that
association with aminoglycosides using in vivo models and
elucidate the action mechanisms involved in that interaction.
Conﬂict of interest
No conflict of interest to declare.
Acknowledgments
The authors are grateful to the Brazilian research agencies
CNPq and FUNCAP for funding and grants (HDMC BPI-0031-
00118.01.00/10 and IRAM BPI-031-00107.01.00/10).References
[1] Shreve MR, Butler S, Kaplowitz HJ, Rabin HR, Stokes D, Light M, et al.
Impact of microbiology practice on cumulative prevalence of respirato-
ry tract bacteria in patients with cystic fibrosis. J Clin Microbiol
1999;37:753–7.
[2] Valenza G, Tappe D, Turnwald D, Frosch M, König C, Hebestreit H. Prev-
alence and antimicrobial susceptibility of microorganisms isolated from
sputa of patients with cystic fibrosis. J Cyst Fibros 2008;7:123–7.
[3] Whittier S. Update on the microbiology of cystic fibrosis: traditional
and emerging pathogens. Clin Microbiol Newslett 2001;23:67–71.
[4] Mesaros N, Nordmann P, Plésiat P, Roussel-Delvallez M, Van Eldere J,
Glupczynski Y, et al. Pseudomonas aeruginosa: resistance and therapeu-
tic options at the turn of the new millennium. Clin Microbiol Infect
2007;13:560–78.
[5] LeeAS,Huttner B, Harbarth S. Control ofmethicillin-resistant Staphylococcus
aureus. Infect Dis Clin North Am 2011;25:155–79.
[6] Daferera DJ, Ziogas BN, Polissiou MG. The effectiveness of plant essen-
tial oils on the growth of Botrytis cinerea, Fusarium sp. and Clavibacter
michiganensis subsp. michiganensis. Crop Prot 2003;22:39–44.
[7] Costa VCO, Tavares JF, Agra MF, Falcão-Silva VS, Facanali R, Vieira MAR,
et al. Chemical composition and modulation of bacterial drug resistance
of the essential oil from the leaves of Rollinia leptopetala R. E. Fries.
Brazilian J Pharmacog 2008;18:245–8.
[8] Matos FJA. Plantas medicinais: guia de seleção e emprego de plantas
usadas em fitoterapia no nordeste do Brasil. 2 ed. Fortaleza: Imprensa
Universitária/UFC; 2000.
[9] Botelho MA, Nogueira NAP, Bastos GM, Fonseca SGC, Lemos TLG, Matos
FJA, et al. Antimicrobial activity of the essential oil from Lippia sidoides,
carvacrol and thymol against oral pathogens. Braz J Med Biol Res
2007;40:349–56.
[10] Azuma K, Ito H, Ippoushi K, Higashio H. In vitro antibacterial activity
of extracts from four Labiatea herbs against Helicobacter pylori and
Streptococcus mutans. Bull Nat Inst Veg Tea Science 2003;2:83–91.
[11] Fontenelle ROS, Morais SM, Brito EHS, Kerntopf MR, Brilhante RSN,
Cordeiro RA, et al. Chemical composition, toxicological aspects and an-
tifungal activity of essential oil from Lippia sidoides Cham. J Antimicrob
Chemother 2007;59:934–40.
[12] Monteiro MV, de Melo Leite AK, Bertini LM, de Morais SM, Nunes
Pinheiro DC. Topical anti-inflammatory, gastroprotective and antioxi-
dant effects of the essential oil of Lippia sidoides Cham. leaves. J Ethno-
pharmacol 2006;111:378–82.
[13] Matos FJA, Oliveira F. Lippia sidoides Cham. — farmacognosia, química e
farmacologia. Rev Bras Farmacogn 1996;77:65–7.
[14] Alencar JW, Craveiro AA, Matos FJA, Machado MIL. Kovats indices
simulation in essential oils analysis. Quim Nova 1990;13:282–4.
[15] Adams RP. Identification of essential oil components by gas chromato-
graphy/mass spectrometry. 4th ed. Carol Stream, Illinois: Allured Pub-
lishing Corporation; 2007.
[16] Rodrigues FFG, Costa JGM, Coutinho HDM. Synergy effects of the antibi-
otics gentamicin and the essential oil of Croton zehntneri. Phytomedicine
2009;16:1052–5.
[17] Inouye S, Takizawa T, Yamaguchi H. Antibacterial activity of essential
oils and their major constituents against respiratory tract pathogens
by gaseous contact. J Antimicrob Chemother 2001;47:565–73.
[18] Oliveira FP, Lima EO, Siqueira Júnior JP, Souza EL, Santos BHC, Barreto
HM. Effectiveness of Lippia sidoides Cham. (Verbenaceae) essential oil
in inhibiting the growth of Staphylococcus aureus strains isolated from
clinical material. Brazilian J Pharmacog 2006;16:510–6.
[19] Nostro A, Blanco AR, Cannatelli MA, Enea V, Flamini G, Morelli I, et al.
Susceptibility of methicillin-resistant staphylococci to oregano essen-
tial oil, carvacrol and thymol. FEMS Microbiol Lett 2004;230:191–5.
[20] Smid EJ, Koeken JPG, Gorris LGM. Fungicidal and fungistatic action of
the secondary plant metabolites cinnamaldehyde and carvone. In: Lyr
H, Russel PE, Sisler HD, editors. Modern fungicides and antimicrobial
compounds. Andover: Intercept; 1996. p. 173–80.
[21] Kivrak I, Duru ME, Ozturk M, Mercan N, Harmandar M, Topcu G. Antioxi-
dant, anticholinesterase and antimicrobial constituents from the essential
oil and ethanol extract of Salvia potentillifolia. Food Chem2009;116:470–9.
[22] Yu JQ, Lei JC, Zhang XQ, Yu HD, Tian DZ, Liao ZX, et al. Anticancer, anti-
oxidant and antimicrobial activities of the essential oil of Lycopus
lucidus Turcz. var. hirtus Regel. Food Chem 2011;126:1593–8.
[23] Murari AL, Carvalho FH, Heinzmann BM. Composição e atividade anti-
bacteriana dos óleos essenciais de Senecio crassiflorus var. crassiflorus.
Quim Nova 2008;31:1081–4.
[24] NCCLS: Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically; approved standard. NCCLS document
M7-A6Sixth Edition. Wayne, PA: National Committee for Clinical Labo-
ratory Standards; 2003.
512 H.N.H. Veras et al. / Fitoterapia 83 (2012) 508–512[25] Wagner H, Ulrich-Merzenich G. Synergy research: approaching a new
generation of phytopharmaceuticals. Phytomedicine 2009;16:97–110.
[26] Kordali S, Cakir A, Ozer H, Cakmakci R, Kesdek M, Mete E. Antifungal,
phytotoxic and insecticidal properties of essential oil isolated from
Turkish Origanum acutidens and its three components, carvacrol,
thymol and p-cymene. Bioresour Technol 2008;99:8788–95.
[27] Sabulal B, Dan M, Anil JJ, Kurup R, Pradeep NS, Valsamma RK, et al.
Caryophyllene-rich rhizome oil of Zingiber nimmonii from South India:
chemical characterization and antimicrobial activity. Phytochemistry
2006;67:2469–73.
[28] Delgado B, Fernandez PS, Palop A, Periago PM. Effect of thymol and
cymene on Bacillus cereus vegetative cells evaluated through the use
of frequency distributions. Food Microbiol 2004;21:327–34.
[29] Kalpoutzakis E, Aligiannis N, Mentis A, Mitaku S, Charvala C. Composi-
tion of the essential oil of two Nepata species and in vitro evaluation
of their activity against Helicobacter pylori. Planta Med 2001;67:880–3.
[30] Burt S. Essential oils: their antibacterial properties and potential appli-
cations in foods — a review. Int J Food Microbiol 2004;94:223–53.
[31] Helander IM, Alakomi H-L, Latva-kala K, Mattila Sandholm T, Pol I, Smid
EJ, et al. Characterization of the action of selected essential oil compo-
nents on Gram-negative bacteria. J Agric Food Chem 1998;46:3590–5.
[32] Ouattara B, Simard RE, Holley RA, Piette GJP, Begin A. Antibacterial ac-
tivity of selected fatty acids and essential oils against six meat spoilage
organisms. Int J Food Microbiol 1997;37:155–62.
[33] Moleyar V, Narasinham P. Antifungal activity of some essential oil
components. Food Microbiol 1986;3:331–6.
[34] Wendakoon CN, Sakaguchi M. Inhibition of amino acid decarboxylase
activity of Enterobacter aerogenes by active components in spices.
J Food Prot 1995;58:280–3.[35] Helander IM, Von Wright A, Mattila-Sandholm T. Potential of lactic acid
bacteria and novel antimicrobials against Gram-negative bacteria.
Trends Food Sci Technol 1997;8:146–50.
[36] Nikaido H. Molecular basics of bacterial outer membrane permeability
revisited. Microbiol Mol Biol Rev 2003;4:593–656.
[37] Vaara M, Vaara T. Polycations as outer membrane destabilizing agents.
Antimicrob Agents Chemother 1983;24:114–22.
[38] Rodrigues FFG, Costa JGM, Coutinho HDM. Enhancement of the antibiotic
acivity of gentamicin by volatile compounds of Zanthoxylum articulatum.
Indian J Med Res 2010;131:833–5.
[39] Santos NKA, Coutinho HDM, Viana GSB, Rodrigues FFG, Costa JGM.
Chemical characterization and synergistic antibiotic activity of volatile
compounds from the essential oil of Vanillosmopsis arborea. Med
Chem Res 2011;20:637–41.
[40] Coutinho HDM, Matias EFF, Santos KKA, Tintino SR, Souza CES, Guedes
GMM, et al. Enhancement of the norfloxacin antibiotic activity by gas-
eous contact with the essential oil of Croton zehntneri. J Young Pharma-
cists 2010;2:362–4.
[41] Coutinho HDM, Falcão-Silva VS, Siqueira-Júnior JP, Costa JGM. Use of
aromatherapy associated with antibiotictherapy: modulation of the
antibiotic activity by the essential oil of Zanthoxylum articulatum
using gaseous contact. J Essent Oil Bear-Pl 2010;13:670–5.
[42] Coutinho HDM, Rodrigues FFG, Nascimento EMM, Costa JGM, Falcão-Silva
VS, Siqueira-Júnior JP. Synergism of gentamicin and norfloxacin with the
volatile compounds of Lippia microphylla Cham. (Verbenaceae). J Essent
Oil Res 2011;23:24–8.
